Sixteen primary pancreatic tumors were found in a retrospective study of bovine pancreatic lesions detected in slaughtered cattle. Eleven islet cell tumors and three pancreatic exocrine Carcinomas were identified based on light microscopy and immunohistochemistry. Nine of 1 1 islet cell tumors were classified as malignant. Metastatic sites included iliac, mediastinal, hepatic, and mesenteric lymph nodes, peritoneum, mesentery, and liver. Six cows with multiple islet cell tumors also had pheochromocytomas. All 1 1 islet cell tumors had positive immunoreactivity to insulin and somatostatin. Three tumors also contained cells immunoreactive for glucagon and two tumors contained pancreatic polypeptide immunoreactive cells. Immunoreactivity of tumor cells in metastatic sites was similar to their respective primary tumors. All exocrine pancreatic carcinomas metastasized widely and were immunonegative for insulin, somatostatin, glucagon, and pancreatic polypeptide. No mixed endocrine*xocrine tumors were identified. None of the endocrine or exocrine tumors contained amyloid. Additional primary tumors of the bovine pancreas included one neurofibroma and one neurofibrosarcoma. Additional cases with lesions of the bovine pancreas included nodular hyperplasia in 15 cows, exocrine acinar atrophy and fibrosis in four cows (two of which also had pancreatic lithiasis), pancreatitis in one cow, peripancreatic fibrosis in two cows, pancreatic steatosis in one animal, and pancreatic hemorrhages in one cow.
Few bovine pancreatic tumors have been reported in the veterinary literature. Only two nonmetastatic islet cell tumors36 and 16 metastatic islet cell tumors in cattle have been r e p~r t e d l .~.~.~~.~~.~~.~~.~~ and all but one report pertains to cattle in Italy. In only one report has insulin production been confirmed in a bovine islet cell tumor. 39 Pancreatic exocrine adenomas have been described in the l i t e r a t~r e ,~.~~ but are often difficult to separate from nodular hyperplasia of the exocrine pancreas. Ten exocrine carcinomas of the pancreas have been r e p~r t e d .~~, ~~ One fibrosarcoma has been observed in the bovine pancreas.I2
Other diseases of the bovine pancreas include pancreatic l i t h i a~i s ,~~~~l 1, 19, 40 pancreatitis,20 pancreatic fluke infestation,16J9 pancreatic atrophy associated with nutritional defi~iencies,'~ and diabetes mellitus due to an infection with the foot-and-mouth disease virus. 19 The purpose of this study was to characterize a group of pancreatic tumors and other pancreatic lesions taken from cattle examined at slaughter.
Materials and Methods
Tissues from lesions detected during routine slaughter and inspection procedures were submitted to the United States Department of Agriculture Food Safety and Inspection Ser-vice Eastern Laboratory. Tissues fixed in 10% neutral buffered formalin were embedded in paraffin, sectioned at 5 Fm, stained with hematoxylin and eosin and Congo red, and examined by light microscopy.
Serial histologic sections of formalin-fixed tissues from the tumors were prepared for immunohistochemical staining with streptavidin-biotin-alkaline phosphatase (BioGenex Supersensitive Multilink Kit; BioGenex Laboratories San Ramon, CA). To avoid detachment, sections were mounted on glass slides coated with silane (Sigma, St. Louis, MO). Sections were deparaffinized in three sequential 1 0-minute xylene washes and rehydrated in graded ethanol baths. After two washes in phosphate-buffered saline (PBS) solution, sections were incubated separately with rabbit polyclonal antibodies to synthetic human glucagon, synthetic human somatostatin conjugated to keyhole limpet hemocyanin (KLH), synthetic human pancreatic polypeptide conjugated to KLH, and monoclonal antibody (clone AE9D6) to purified human insulin (all of these primary antibodies are BioGenex antibodies for use with the supersensitive kits). Next, the sections were washed with PBS and incubated with combined biotinylated antiserum to rabbit, mouse, and rat IgG immunoglobulin for 20 minutes at room temperature. Sections were washed twice with PBS, and the Fast Red substrate (BioGenex Laboratories) was applied for 15 minutes. Sections were rinsed with deionized water, counterstained with Mayer's hematoxylin for 5 minutes, rinsed with tap water, and treated with 1% ammonia water. Sections were covered with Crystal Mount (Biomeda Corporation, Foster City, CA), dried, and coverslipped and mounted with a permanent mounting medium. Normal pancreas from an adult cow was used as a positive control. Positive control tissue was stored in formalin for 3 days before being embedded in paraffin.
Negative control incubations using nonimmune rabbit sera for the polyclonal antibodies, or murine ascites fluid for the insulin monoclonal antibody (Mouse Supersensitive Negative Control; BioGenex) as the first antibody resulted in the absence of hormone-specific staining in the tumors and in the control tissues.
Results
The 7,46 1 bovine submissions were received from October 1988 to October 1993; of these, pancreatic abnormalities were diagnosed in 42 cases (0.56%). Sixteen (38%) of these pancreatic abnormalities were primary neoplasms of the pancreas; 11 islet cell tumors, three pancreatic exocrine carcinomas, one neurofibroma, and one neurofibrosarcoma were found.
One bull and 10 adult cows had endocrine tumors of the pancreas. Nine were normal at antemortem inspection: two cows (case Nos. 2 and 5 ) were alert but down and unable to rise. Endocrine tumors were de-scribed as multilobulated white-to-yellow firm nodular masses in the pancreas or adjacent to the small intestine (Table 1) . In one cow, (case No. 11) tumors were only evident in the mediastinal lymph node. Primary islet cell tumors were multiple in case Nos. 2, 5, 6, 7, 9, and 10. Some primary tumors were well circumscribed and surrounded by a dense collagenous connective tissue capsule; others were nonencapslated and invaded the pancreatic parenchyma. Both encapsulated and invasive islet cell tumors often occurred within the same animal. Several animals (case Nos. 3, 7, and 10) had tumor masses that were hemorrhagic. Transperitoneal metastasis of the tumor to mesenteric, omental, hepatic, or intestinal surfaces was present in five cattle (case Nos. 2,4, 5 , 7, and 10). Metastatic foci in the inguinal, renal, hepatic, and mediastinal lymph nodes (case Nos. 2, 4, 10, and 11) or liver (case No. 9) were observed grossly. The same six animals that had multiple primary islet cell tumors (case Nos. 2, 5, 6 , 7, 9, and 10) also had unilateral pheochromocytomas.
Microscopically, lobules of pancreas were effaced by extensive neoplastic proliferation of pancreatic islet cells. The neoplastic cells were round to polyhedral with finely granular eosinophilic cytoplasm. Rarely, tumor cells contained a few large eosinophilic intracytoplasmic granules. Nuclei were often centrally located, were oval to round with moderate amounts of stippled chromatin, and had large single or double eccentric nucleoli. Anisokaryosis was occasionally evident, but mitotic figures were uncommon (0-1 per 40 x high power field [hpfl). Cytoplasmic borders were sometimes indistinct when cells were closely packed. These cells were arranged in lobules, nests, or cords often surrounded by vascular sinuses or bounded by a fine fibrovascular stroma ( Fig. 1 ). Neoplastic cells often lined spaces in the masses filled with erythrocytes or proteinaceous fluid. A golden brown, granular, ironrich pigment (Prussian-Blue reaction) identified as hemosiderin was present in the stroma and within macrophages in all 11 cases. In some areas of the tumor, nonencapsulated neoplastic cells invaded and replaced the normal pancreatic parenchyma and adjacent fat ( Fig. 2) . Other tumors were completely surrounded and separated from the normal pancreas by a dense collagenous connective tissue capsule.
In nine cases, microscopic evidence of metastasis (Table 2) was present within renal, hepatic, inguinal, and mediastinal lymph nodes, scattered throughout the peritoneum and mesentery, or within the liver. Metastatic foci contained cells with a morphology and histologic pattern similar to the primary tumors, but vascular sinuses were more prominent. Areas of invasion as well as encapsulation were also evident in metastatic sites. Amyloid was not detected with Congo red stain in any tumor sections.
Insulin-immunoreactive cells were the predominant cell type in normal pancreatic islets (60-go%), and were present throughout the islet. The number of pancreatic polypeptide-positive cells was highly variable from islet to islet and accounted for 5-40% of the normal islet Endocrine and exocrine pancreatic tumors in slaughter cattle. Microscopic location of metastatic sites and $ Not done = blocks not available for immunohistochemistry. cells. Clusters of these cells were located randomly throughout the islets. Glucagon immunoreactive cells composed 15-25% of the islet cells, were located primarily in the periphery of the islet, but occasionally were also scattered throughout the islet. Somatostatinpositive cells tended to be fusiform, aligned portions of the periphery and extended into the center of the islet, and composed 10-20% of the islet cell mass. All islet cell tumors stained positive for insulin ( Fig. 3 ).
Seventy to 80% of the cells in each tumor had insulinpositive cytoplasmic granules. Somatostatin-positive cells were scattered among the neoplastic islet cells in all of the islet cell tumors (Fig. 4) . Three tumors (case Nos. 1, 6, and 10) were positive for glucagon. In case No. 6, only rare cells stained positive for glucagon. In case Nos. 1 and 10, the glucagon-positive cells were located in clusters along the periphery of the tumor lobules similar to their occurrence in the normal pancreatic islet (Fig. 5) . Individual cells and small clusters of cells positive for pancreatic polypeptide (Fig. 6) were evident in only two tumors (case Nos. 4 and 10). Marked hyperplasia of pancreatic polypeptide-positive cells within nonneoplastic islets was evident in case Nos. 5, 7, and 10. Staining for peptides in tumors cells of metastatic sites was similar to the primary sites.
Three exocrine carcinomas were found in this study. All three cattle with exocrine tumors were aged females (Table 1) . Two were normal antemortem, and one was down (case No. 12) and unable to rise. Gross findings in all three cattle included extensive fat necrosis, mineralization of abdominal fat, and fibrosis surrounding the pancreas and intestine causing marked thickening of the mesentery. Case No. 13 was also icteric, with multiple hard, lobulated masses in the liver. The presence of primary pancreatic tumors was not determined grossly.
The three exocrine carcinomas varied greatly in histologic appearance. Case No. 12 was poorly differentiated, being composed primarily of cells with oval-toround vesicular nuclei, one to three prominent nucleoli, and eight to fourteen mitotic figures per 4 0 x hpf. The neoplastic cells had moderate amounts of amphophilic cytoplasm. A "starry sky" pattern was produced by round cleared spaces containing eosinophilic globular material representing histiocytes with engulfed cellular debris (Fig. 7) . Metastasis to the liver and adrenal gland was evident histologically (Table 2) .
Case No. 13 was a well-differentiated acinar cell carcinoma (Fig. 8) . The oval-to-round anisokaryotic nuclei often maintained a basal orientation in the cells. Two to four mitotic figures were evident per 40 x hpf. The cytoplasm was brightly eosinophilic and vacuolar or granular. Multiple metastatic foci in the liver maintained an acinar or small tubular pattern.
Case No. 14 was a poorly differentiated carcinoma composed of rows and nests of cells subdivided by dense collagenous connective tissue (Fig. 9 ). Neoplastic cells were small with pleomorphic nuclei and scant eosinophilic finely granular cytoplasm. Rare cells had oval nuclei and vacuolated cytoplasm with fine basophilic granules. Formation of small tubules was occasionally evident. All exocrine carcinomas were immunonegative for insulin, glucagon, somatostatin, and pancreatic polypeptide protein.
Other primary pancreatic tumors included one neurofibroma and one neurofibrosarcoma. The two cattle with nerve sheath tumors were adult females and were normal antemortem. The nerve sheath tumors were described grossly as circumscribed, nodular, tan-towhite, firm masses that glistened on the cut surface. The neurofibroma was composed of closely approximated spindleform cells with oval nuclei and abundant eosinophilic fibrillar to vacuolated cytoplasm with indistinct cytoplasmic margins. Spindleform cells were often arranged in parallel arrays, and formed whorling configurations and interlacing bundles. The nuclei contained lightly stippled chromatin. Anisokaryosis was not evident and mitotic figures were rare. The cells were arranged in a fine fibrovascular stroma. The nerve sheath tumors were similar in microscopic appearance except anisokaryosis was evident and one to four mitotic figures per 40 x hpf were present in the neurofibrosarcoma. Immunohistochemistry was not performed on the nerve sheath tumors.
Three cases previously diagnosed as pancreatic exocrine adenomas were reclassified as pancreatic exocrine nodular hyperplasia when reviewed for this study. Although these masses had partial fibrous connective tissue capsules, and occasionally compressed adjacent pancreatic parenchyma, they were multiple lesions accompanying more typical areas of hyperplasia, they accompanied areas of atrophy or chronic inflammation, and they exhibited no cellular atypia. A total of 15 cases of nodular hyperplasia were diagnosed in this study accounting for 35% of the pancreatic lesions.
Four cases of multifocal pancreatic exocrine atrophy and fibrosis, two of which were associated with pan-creatic lithiasis, were present in the study. In addition, one case of pancreatic interlobular hemorrhages, one case of focal pancreatitis due to foreign body (plant fragments), two cases with peripancreatic fibrosis with adhesions to liver and mesentery, and one case of pancreatic steatosis were examined.
Discussion
Nine of the 11 bovine islet cell tumors in this study were classified as malignant, with multiple metastatic sites. Similar behavior has been observed in canine tumors, where carcinomas of the pancreatic islets are also more common than adenomas.6 Islet cell tumors in other species are more typically benign. In humans, 70-80% of all islet cell tumors are a d e n~m a s . " ,~~
The two nonmetastatic bovine islet cell tumors in this study were well differentiated and were surrounded by dense collagenous connective tissue, as were most of the metastatic islet cell tumors. Because histologic features of these islet cell tumors are not sufficient for classification, malignancy of islet cell tumors must be defined by tumor invasion or the presence of metastasis, as in the classification of human islet cell tumors. 17, 23 Although primary islet cell tumors are usually solitary lesion^,^,'^ multiple islet cell tumors were evident in six of 11 cattle. It was interesting that the six cattle with multiple islet cell tumors also had pheochromocytomas. Ninety percent of insulinomas in humans are solitary lesions; however, multiple endocrine neoplasia (MEN) patients usually have multiple pancreatic endocrine t~m o r s .~~!~~ Pheochromocytomas have been linked with islet cell tumors in one of the MEN syndromes of humans. 37 No clinical signs, other than inability to rise in two cattle, were observed on antemortem inspection of the cows with islet cell tumors. Seizures have been reported in one case of functional bovine islet cell tumor. 39 The distribution of glucagon, pancreatic polypeptide, somatostatin, and insulin in the normal bovine pancreatic islets in this study is in accordance with previous report^.^^,^^ The expression of multiple hormones in all of the bovine islet cell tumors is consistent with immunohistochemical studies in humans,25 dog^,'^,^^ and ferrets15 that report production of multiple hormones. It was interesting to observe that the location of hormone production in the tumors mimicked that of hormone location in the normal islets. Metastatic islet cell tumors in humans usually contain and elaborate the same polypeptides as the primary just as we observed in the bovine tumors. The hyperplasia of pancreatic polypeptide-containing cells in the nonneoplastic islets of the pancreas has been observed in nearly 50% of human islet cell tum o r~.~~ Amyloid is commonly reported in insulin-producing islet cell tumors of other specie^,^',^^ but was not evident in any of the bovine islet cell tumors. Amyloid was also not found in pancreatic endocrine tumors of ferrets. l5 In this study, bovine pancreatic endocrine tumors outnumbered the exocrine tumors, as has been previously documented in the studies from Italy. The predominance of islet cell tumors in cattle is in marked contrast to human beings where pancreatic exocrine carcinoma is the fourth most prevalent ~a n c e r .~ However, the exocrine carcinomas may be underrepresented in this study because gross evidence of pancreatic neoplasia can be obscured by the marked desmoplasia and fat necrosis in the adjacent intestinal serosa, mesentery, and omentum.
Eighty-five percent of exocrine pancreatic carcinomas in humans have extended beyond the pancreas by the time of diagnosis. The most common sites of metastasis include lymph nodes, liver, and peritoneum. Similar malignant behavior was evident in all three of the bovine exocrine pancreatic carcinomas.
Pancreatic exocrine carcinomas in humans typically display variable histologic features, with multiple appearances within a single neoplasm as well as among tumors. Tubular and acinar formations, and solid sheets of undifferentiated cells, were all observed in the three bovine exocrine carcinomas.
In humans, pancreatic exocrine carcinomas are found predominantly in males,41 but no such difference has been documented in dogs or at^.^^,^^ The fact that all of the pancreatic tumors occurred in female cattle is most likely skewed by the high ratio of aged dairy cows to aged bulls and steers in the slaughter population.
In human beings, pancreatic tumors exhibiting both exocrine and endocrine cell types have been ob-~e r v e d .~,~~,~~ This was not evident in the bovine tumors. Endocrine tumors did not display tubular or acinar formations and exocrine tumors exhibited no immunoreactivity to the neuropeptide hormones tested nor packeting of cells in an endocrine histologic pattern.
Because nodular hyperplasia of the pancreas is commonly recognized in adult cattle, the numbers of animals with nodular hyperplasia are likely underrepresented in this study. Most inspectors would recognize the lesion and therefore would not submit tissues for histopathologic evaluation. 
